H emostasis in humans is carried out by a system of coagulation or blood clotting. Normally, it is responsible for the integrity of the blood vessels and the organism as a whole, being activated for a short time to close the lesions by forming blood clots. In pathological conditions when procoagulant agents of external or internal origin enter the blood, long-term activation of the blood coagulation system occurs and the patient may be at risk of thrombosis. Long-term activation of the system of coagulation leads to the constant formation of thrombin in the bloodstream, which takes place in chronic diseases. Thrombin is a multifunctional enzyme [1] . On the one hand, it activates platelets and fibrinogen to form soluble fibrin, stimulates its own activation by proteolytic cleavage оf FVIII, FV, FХI, as well as TAFI (thrombin activated fibrinolysis inhibitor), which removes C-terminal lysines in plasmin-dissolving fibrin, and inhibits fibrinolysis. On the other hand, thrombin activates protein C which cleaves FVIIIa and FVa, and together with TFPI (tissue factor pathway inhibitor) and ATIII + He inhibits the formation of thrombin [2] . Long-term activation of coagulation has not a certain physiological direction, it initiates activation of functional ly related systems, induces the hemostatic factors consumption, creating a threat to thrombosis or DIC syndrome in patients [3] . Therefore, the purpose of our work was to estimate the level of connection between the activity of the system of coagulation and the activity of systems of protein C and fibrinolysis in chronic disea ses on the example of CKD, VD stage (glomeru lonephritis).
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In the previous article, we found that between the parameters of the hemostasis potential determined by the method of M. Blomback [4] , which show the ability of blood plasma hemostasis system in vitro to form and dissolve the fibrin clot, and molecular markers of the hemostasis system in plasma of blood in vivo, which characterize the state of the hemostasis system at the moment of the blood sample withdrawing in patients with myocardial infarction, stroke or hip joint disease, no strong correlation was observed [4] .
In the paper we present the results of analysis of the hemostasis potential parameters and concentrations of molecular markers in the plasma hemostasis system in patients with chronic kidney disease (CKD, VD stage (glomerulonephritis)). In order to determine the presence or absence of interconnections between the parameters of these systems in blood plasma and concentrations of molecular markers characterizing the relations of the coagulation, fibrinolysis and protein C system, Pearson's pairwise correlation analysis was performed between the values of these parameters. All examined patients were divided into subgroups, depending on their sex and concentration of soluble fibrin in the blood plasma, which reflected the degree of activation of the humoral component of the hemostasis system in vivo, and which allowed us to identify the hidden links between the components of the latter. In the subgroups of men and women, where the correlation relationship was found, the correlation coefficients were significantly increasing with the increase of concentrations of soluble fibrin from the weak (<0.5) and mean (0.5-0.7) to strong (> 0.7) and very strong (> 0.9) values. This approach allows more differentiated analysis of the patients' hemostasis system state in various diseases and more consistent with the principles of 4P medicine, which considers blood as a "window in health and human disease" [5] .
materials and methods
The APTT (activated partially thromboplastin time) reagent (Renam, RF), recombinant tissue plasminogen activator (t-PA) from Boehringer Ingelheim (Germany) were used. Samples of blood (CKD VD stage (glomerulonephritis)) were withdrawn in 3.8% sodium citrate (1 part of sodium citrate, pH 7.4, and 9 parts of blood). The permission of the Ethics Commission of the E.I. Pirogov Vinnitsa National Medical University to conduct blood-related research and informed consent from each patient were obtained. Blood samples were taken in patients prior to the hemodialysis procedure. The plasma was separated from the blood cells within 1 hour after blood collection by centrifugation of the latter at 3000 g for 20 min. Plasma aliquots were stored at -20 °C.
The plasma hemostasis potential was determined by spectrophotometric method, recording the absorbance of light by fibrin clot at 405 nm on the Multiscan microrider (Finland). The clots were formed in microplate wells in which 0.05 M HEPES buffer, pH 7.4, containing 0.15 M NaCl (30 or 27 μl), 70 μl of blood plasma, t-PA to a final concentration of 75 IU/ml (3 μl) and APTT reagent (100 μl) were sequentially added. The plasma coagulation was initiated by 25 mM CaCl 2 (100 μl). Final volume of the reaction mixture was 300 μl. The overall hemostasis potential (OHP) is characterized by the size of area under curve of the clot turbidity from the moment the plasma coagulation is initiated to the moment when turbidity completely disappeared in the presen ce of t-PA. Coagulation potential (CP) is the area under curve of the clot formation in the absence of t-PA from the moment of plasma coagulation initiation to the moment of complete dissolution of the clot in the presence of t-PA. Fibrinolysis potential (FP) is the difference between the magnitudes of CP and OHP. All values of potentials are expressed in units of optical density multiplied by time in seconds (o. u.·s) [4, 6] .
Concentration of fibrinogen, soluble fibrin and D-dimer in plasma was determined using an enzyme-linked immunoassay test systems develo ped at the Palladin Institute of Biochemistry of the NAS of Ukraine [7, 8] , and the level of protein C using the test system of Renam company (RF). Statistical processing of the results was carried out using the standard statistical program in Excel. The mean values of parameters and their standard deviations were determined, pair correlation analysis was performed and reliability of difference between the mean values of two groups according to Student's test was determined.
results and discussion
General description of the state of hemostasis in patients with CKD VD stage (glomerulonephritis) that periodically undergo hemodialysis. The total number of examined patients was 88, of which 52 were men and 36 -women. To determine the parameters of plasma hemostasis potential of each patient, curves for changes in light absorbance in the process of blood plasma coagulation, initiated by a APTT reagent in the t-PA absence and presence, were obtained. The averaged experimental curves and their standard deviations for patients in these groups are presented in Fig. 1, a, B , C. On the basis of coagulation curves of each patient blood plasma, parameters of the hemostasis system in vitro, which include lag period, maximal turbidity of the clot, time of clot existence and its half-dissolution, and initial turbidity of plasma were determined. Together with concentrations of molecular markers, namely soluble fibrin (sf), fibrinogen (Fg), D-dimer (DD) and protein C (PC), they are given in Table 1 as mean parameter values and their standard deviations (X ± m).
The data presented in Table 1 indicate that the values of all parameters except lag period and Ho in women tend to be slightly higher than those of men, but this difference is not statistically significant for all parameters. Attention is drawn to the same values of lag-periods of blood clotting in all patients. This indicates the same rate of the internal pathway activation of plasma blood coagulation in men and women, the same rate of thrombin and protofibrils formation [9] . However, the maximal turbidity of the clot is significantly higher in women, indicating a greater thickness of fibrils in fibrin clots [10] . Similar clots stimulate more efficiently the activation of plasminogen by t-PA. CP, OHP, and FP in women are also higher, indicating a larger plasma clot in women and a slightly different fibrin mesh structure of clot. Since fibrinogen concentrations are the same in men and women plasma, these differences can be explained by the increased inclusion of additional proteins in women's fibrin structure, possibly, such as fibronectin, fibrinolysis inhibitors and fibrinolytic system components -plasminogen, t-PA, PAI-1 and α2-antiplasmin [11] [12] [13] . FXIIIa, which covalently crosslinks soluble fibrin molecules through the γ-chains [14] and attaches the fibrinolytic inhibitors (PAI-1 and α2-antiplasmin) to the αC regions, is, probably, involved in this process. In men and women plasma the level of soluble fibrin exceeds the cut-off level (3 μg/ml), which is usually associated with the increased activity of blood coagulation system in patients. However, concentration of soluble fibrin in women is significantly higher than that in men. The concentration of D-dimer in all patients does not exceed the level of cut-off (90 ng/ml), but in women it is 1.5 times higher than in men. Fg concentration was slightly higher than the upper limit of the normal range (4 mg/ml). Protein C system in patients 
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is also in activated state, and in women the level of protein C consumed is significantly lower than that in men (Table 1) .
T a b l e 1. Values of parameters of hemostasis potential, concentrations of soluble fibrin, D-dimer, fibrinogen and protein C in blood plasma of patients with CKD of VD stage (glomerulonephritis) undergoing hemodialysis (men -n = 52, women -n = 36, all patients -n = 88). The data are presented as X ± m and an assessment of the reliability of difference between values of parameters in men and women
Here and in the Table 2 
Parameters
In the absence of t-PA In the presence of t-PA t, s Н, о.u. Thus, the data obtained indicate an increased activity of coagulation and fibrinolysis systems in women compared with that in men. In men, the protein C system is activated significantly more than in women. Eventually, the hemostasis system in all patients with CKD VD stage (glomerulonephritis) has increased activity that is consistent with the presence of inflammatory process in patients with chronic kidney disease.
In case of inflammatory process in patients the plasma coagulation system is activated primari ly due to the appearance of microvesicles contai ning tissue factor -the initiator of triggering the external pathway of blood coagulation [3] . The main molecular marker of coagulation system activation and its product is a soluble fibrin [15] . Soluble fibrin is revealed in the circulation in a form of short oligomers, in which molecules of desA fibrin and its X-fragments are covalently crosslinked by FXIIIa [15] . Oligomers of desA fibrin are not able to stimulate the activation of plasminogen with t-PA [16] . It is believed D-fragments are formed in capillaries where the blood velocity falls by two to three orders and the fibrin oligomers associate into fibrils, at the surface of which a plasminogen-t-PA activator complex is formed to produce plasmin, which dissolves microclots with the release of D-dimer fragments [17] . Therefore, the D-dimer is a marker of activation of both the coagulation and fibrinolytic processes in the humoral component of hemostasis system of the blood. It should be noted that the ratio of concentrations of soluble fibrin and D-dimer is considered as important indicator of the threat of thrombotic complications of surgical interventions [18] .
Since the level of soluble fibrin in patients fluctuated significantly, we divided the patients into three groups in correspondence to the level of activation of patient's coagulation system: a) patients with a concentration of soluble fibrin equal to or less than sf ≤ 3 μg / ml; b) with a concentration close to the norm -3 < sf <4 μg/ml, and with an increased concentration -sf > 4 μg/ml ( Table 2 , Fig. 2, 3, 4) .
For the plasma hemostasis potential parameters in vitro such distribution of patients showed the next: a) lag period of clot formation has not changed for all groups of patients with increasing the degree of the coagulation system activation; b) turbidity of the clot (mass/length ratio) [19] in men does not increase in the absence and presence of t-PA, but in women it significantly increases (1.46 and 1.49 times, respectively) that can be explained by a greater activation of FXIII in women with covalent incorporation of other proteins in the clot, and elevated levels of solub le fibrin; c) clot lifetime in the presence of t-PA does not change in men in vitro, while in women the clot lifetime is significantly increased (1.19 4.0 ± 1.4 81.6 ± 21.0 P < 0.01 P < 0.01 n.s. P < 0.01 P < 0.05 n.s. n.s. 
Fig. 2. The coagulation curves for plasma of men (A) and women (B) with levels of sf <3 μg/ml activated by APTT reagent, in the absence (ascending on plateau) and in the presence of t-PA (ascending-descending) (15 men and 13 women)
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indicating an enhancement of fibrinolysis inhibitors content in the clot (possibly due to α2-antiplasmin and PAI-1 crosslinking); d) initial turbidity of men and women plasma does not change; e) the values of CP and FP in men plasma do not change, but OHP increases 1.57 times; in women CP and OHP increase 1.76 and 1.82 times, respectively that also indicates a larger mass/length ratio of fibrils in women plasma, compared with that in men. The FP in both groups remains unchanged. For molecular markers of the blood plasma hemostatic system in vivo, Table 2 , it was found that: a) the level of soluble fibrin and D-dimer in men increases 1.96 and 1.71 times, and in women -2.64 and 5 times in groups of level sf > 4, respectively that shows a greater activity of coagulation and fibrinolytic systems in women than in men; b) DD/sf ratio in men decreases insignifically from 18 at sf < 3 to 15.7 at sf > 4, while in women it increases from 15.2 to 28.8 that confirms our assumption of a greater efficiency and balance of coagulation and fibrinolysis systems in women; c) the level of fibrinogen in men in groups with sf < 3 and sf > 4 is within the normal range, at 3 < sf < 4 it slightly exceeds it, and at sf > 4 -returns to the normal level; given that fibrinogen is an acute phase protein, we can assume that in men with sf < 3 inflammation is weakly expressed, with 3 < sf < 4 -its initial stage takes place, and with sf > 4 is a more active stage, since there is an effect of protein "consumption" of the hemostasis 
system on the example of fibrinogen; d) the parameters of protein C system in men and women vary by chance, but in both groups it is possible to note the increased activity of protein C system. The data presented in Table 1 and Table 2 allow suggesting that at sf > 4 μg/ml the growth of fibrin concentrations is controlled by fibrinolytic system in women (level DD dimer is ~ 190 μg/ml, in men it is ~ 77 μg/ml), however in men -by the system of protein C (Table 1) that is indicated by a higher level of protein C consumption in comparison with women. It is possible that women have an increased plasmin activity in the microcirculation due to the higher concentration of soluble fibrin that forms micro-clots (plasminogen activator stimulator) that may lead to a decrease in the level of thrombomodulin at the surface of blood vessels and a lower activation of protein C in comparison with men.
Thus, an increase in the concentration of soluble fibrin in plasma of patients, which accompanies activation of the coagulation system and the related system of fibrinolysis and protein C, is also accompanied by changes in the values of parameters in the system of determination of hemostatic potential and in the system of molecular markers of hemostasis. On the whole, these changes are aimed at increasing the ability of hemostasis system in patient plasma to form larger and more stable fibrin clots. On the other hand, a more subtle differentiation of patients with the degree of activation of the plasma coagulation system may allow obtaining more information to evaluate the state of the hemostasis system and predict the direction of its change in patients.
The obtained data also indicate that the parameters of the hemostasis system state in patients with CKD, found by determination of values of the total hemostasis potential in plasma in vitro and the concentrations of molecular markers characteristic of the in vivo state, are greater in women than in men, and indicate a higher activity of plasma hemostasis system in women.
Analysis of correlation between the parameters of hemostasis system and concentrations of molecular markers of the hemostasis system. The division of patients in groups, depending on the degree of activation of plasma coagulation system, has shown that increasing concentrations of soluble fibrin in the blood plasma of patients increases the magnitude of other parameters of the OHP and the concentrations of the molecular markers of the hemostasis system. In this connection, the question arose about the availability and power of the interconnection of individual parameters of these systems among themselves, within each system, between systems and depending on the experience of hemodialysis. For this purpose, Pearson's pairwise correlation analysis was performed between the parameters of the both systems.
It was found that the hemodialysis experience is not related to parameters of any of the systems, since the values of the obtained correlation coefficients are unreliable, P > 0.05. There were no correlations found in pairs OHP-sf and OHP-DD. Strong, very strong and sometimes intermediate relationship was observed for pairs within the group of parameters associated with the determination of OHP, namely OHP -H, OHP -L, OHP -T, OHP -CP, OHP -FP, CP -FP, FP -H and FP -L (Table 3) , as well as with determination of OHP for patients with myocardial infarction, stroke and hip disease [4] . At the same time, coefficients in groups with different concentrations of soluble fibrin showed the same order of relationship strength as in the group "all patients".
Attention is drawn to the results obtained in the analysis of the relationship between the parameters of the system OHP and the system of molecular markers. Correlation coefficients for all pairs of the group "all patients" (88 patients, including 52 men and 36 women) showed a moderate, weak, and very weak link (Table 3) . However, for those parameters of the pairs in the subgroups of men and women, where the correlation was found, the correlation coefficients significantly increased with increa sing concentrations of soluble fibrin from the weak (<0.5) and mean (0.5-0.7) to the strong (> 0.7) and very strong (> 0.9) except for pairs of parameters OHPFg, FP -Fg, H -Fg for women. The second important feature in the men groups was the lack of correlation in the pairs of parameters OHP -PC, CP -PC, FP -Fg, FP -PC and Fg -PC. In these pairs within groups of women the average, strong and very strong correlation was observed. An important fact was the presen ce of a strong negative correlation in women between the concentration of protein C and parameters such as OHP, CP, FP and Fg. In men, the correlation was observed for the pairs of parame ters Sf -DD, H -Fg, FP -Fg, OHP -Fg of medium, strong and very strong strength, respectively. It is noteworthy that in these pairs of parameters we have not observed correlation in men groups under the first two concentrations of soluble fibrin, namely sf < 3 and 3 < sf < 4, when the inflammatory process in patients is likely observed in the remission stage. In contrast to parameters of the hemostatic potential, a strong negative correlation was found only in the system of parameters in vivo between concentrations of Fg and PC, and there was a medium strength link between the main markers of the hemostasis system Sf and DD dimer. It is important to note that the concentration of DD dimer did not correlate with other parameters at all concentrations of sf. It is obvious that the level of D-dimer is regulated by the level of microclots, which are the stimulator of plasmin formation in the system of microcirculation, and factors influencing their formation are not related to the systems under investigation (Fig. 5) .
Thus, we have found that the correlation between the parameters in both systems is growing with the increase of concentration of soluble fibrin in the blood plasma. In such pairs one Fg is one of the participants in men, and protein C -in women. In both cases, the level of connection increases to strong or very strong. At the same time the positive correlation in men increases suddenly at a concentration of soluble fibrin > 4 μg/ml. At such a concentration of soluble fibrin, the concentration of fibrinogen begins to decrease (Table 2) . However, the balanced character of the interaction of the system of coagulation and fibrinolysis (the correlation coefficient of the pair OHP-Fg -0.91), the effective removal of D-dimer from the bloodstream, activity of the PC system maintain a balance between the systems of coagulation, fibrinolysis and Pc.
Similarly, the negative correlation of pairs with the participation of protein C and parameters of hemostasis potential and Fg in women also increases. Obviously, both the protein C system and the fibrinolysis system are strongly activated at the activation level of the coagulation system, which corresponds to the increase in the concentration of sf > 4 μg/ml. However, in women, an average degree of association between OHP and Fg is observed, pointing to weak regulation by PCa activation of fibrinogen in fibrin under the action of thrombin. As is known a soluble fibrin is a blood thrombin transporter that allows the "slow" form of thrombin to be dissociated into microcirculation and bind to thrombomodulin, causing activation of protein C, which in turn is bound to the PC receptor [20] [21] [22] . The presence in the women blood plasma a PCa inhibitor, high level of sodium ions inhibits activation of PC by thrombin, which leads to further increasing in the concentration of soluble fibrin. At such concentrations of soluble fibrin, the probability of formation of microclots increases: they stimulate the activation of the fibrinolytic system and microclots dissolution under the action of plasmin with formation of DD fragments, which we observed in Table 3 . The general scheme of interaction of coagulation, fibrinolysis and PC systems in the blood plasma hemostasis is shown in the scheme (Fig. 5) . 
